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(54) Library control device for logically dividing and controlling library device and method 
thereof 



(57) The library device is divided into a plurality of 
logical units (LUN0...LUN3) in units of frames.and a 
transport element, an import/export element, a data 
transfer element etc, are virtually provided in each logi- 
cal unit. The library controller (12) receives commands 



for each logical unit containing a virtual element 
address and processes these commands as being 
linked. 
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Description 

The present invention relates to a technology for 
controlling a large-scale library device by using a small- 
scale host computer, more specifically, to a library con- s 
trol device lor logically dividing a library device into a 
plurality of logical units and controlling it, and a method 
thereof. 

Recently, a library device is put to commercial use 
in various fields for automatically performing 10 
import/export, storage, read/write of a recording 
medium and the like. As such a recording medium, an 

Optical diSk, COiTipaCt disk read Only memory (CD- 
ROM), magnetic tape or so on, is utilized. 

FIG.1A is a schematic drawing of the conventional is 
large-scale magnetic tape library. In general, a large 
scale magnetic tape library set (MTL) consists of frames 
for each function. The magnetic tape library in FIG.1A 
comprises four frames, RAU, DAU 0, TAU 0, and LAU 
storing MT cartridges, and is controlled by the library 20 
controller 1 in the frame ACU. FIG.1B is a schematic 
diagram of in the internal configuration of the subsystem 
of the magnetic tape library. 

RAU is a frame located on the right side of the sub- 
system and is a frame comprising a cartridge access 25 
station (CAS) 5. accessor (ACC) 6, and a plurality of 
cells (CELLs) 7. CAS 5 is a special cell for import- 
ing/exporting a recording medium to the library device 
and is operable in the online (READY) state. ACC 6 is a 
robot for transporting the recording medium within the 30 
library device, and the cells 7 are slots for storing 
recording media. 

DAU 0 is a frame comprising a direct entry exit unit 
(DEE) 2 and a plurality of cells 7. DEE 2 is a unit for 
importing/exporting a recording medium in units of 35 
frames in the offline (NOT READY) state. DEE 2, for 
example, by providing a rotating cell drum and a large 
access door 3, can perform the import/export opera- 
tions of a large quantity of the recording media in a short 
time. 40 

TAU 0 is a frame comprising a plurality of magnetic 
tape units (MTUs) 4 and a plurality of cells 7. MTU 4 is 
a cell for driving a recording medium for reading/writing. 
LAU, similar to RAU, is located on the left side and com- 
prises CAS 5, ACC 6. and a plurality of ceils 7. 45 

ACC 6 can move arbitrarily among the frames, and 
transports the recording medium to and from each of 
CAS 5, CELLs 7, DEE 2 and MTU 4. according to an 
instruction from the library controller 1 . 

In such a conventional magnetic tape library as so 
described above, the addresses of the CELLs 7, DEE 2, 
CAS 5, and MTU 4, are controlled by a combination of 
the frame number with the addresses within that frame. 
In RAU, DAU 0, TAU 0, and LAU, for example, the frame 
numbers 01 . 02, 03, and 04 are allocated to each frame, ss 
and addresses of three bytes are utilized for each 
frame. 

Further to this, it has been recently requested that a 



large-scale library device be controlled by a small-scale 
host computer such as a personal computer or work 
station. In this case, it is necessary to connect the host 
computer and the library device with a general-use 
interface such as the small computer system interface 
(SCSI-2) defined in the American National Standard 
Institute (ANSI) X3B10 for controlling the library device 
as a medium changer device specified in SCSI-2. In this 
case, such problems are raised as described below: 

(1) Generally, in SCSI, one set of a large-scale 
library device is defined as one logical unit. The log- 
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by the host computer, and the host computer can 
command the medium transfer in the logical unit so 
long as the logical unit corresponds to the medium 
changer device. 

But, the cell addresses defined as the SCSI 
medium changer device are 2 bytes at most, corre- 
sponding to 2 16 (approximately 65,000 cells). 
Accordingly, a library device with a larger number of 
ceils cannot be controlled by commands in the 
standard SCSI. 

(2) In a conventional large-scale library device, 
each frame can be set into the offline state for main- 
tenance while the subsystem is active. On the other 
hand, nothing can be done in SCSI to command the 
partial offline state for maintenance. It is necessary 
to set the whole library device into the offline state 
in this case. 

(3) A set of the library device comprises CAS 5 and 
DEE 2 for importing/exporting a recording medium. 
Contrary to this, in SCSI, CAS 5 is defined as an 
imporVexport (l/E) element and DEE 2 as a storage 
(ST) element. Accordingly, it is impossible in SCSI 
to unify import/export operations of the recording 
medium as a function in a whole unit. 

(4) lt is possible to extend a large-scale library 
device frame by frame. But when the library device 
is defined as a medium changer device in SCSI, the 
cell address must be revised after extension, 
because all the cell addresses are changed. 

(5) A large-scale library device is assembled in 
units of frames. A plurality of frames are combined 
into one set of the library device, in accordance with 
a predetermined model. Accordingly, a frame is dis- 
posed in a different manner when the model 
changes. If a cell address is defined with a plurality 
of frames as a library device, the cell address 
changes relative to a model change, resulting in 
disabling the physical representation of the cell 
address from manufacture. 

Conventionally, it was mandatory to write cell 
addresses address on completion of a model, or to write 
cell addresses from the viewpoint of a model to be used. 
Cell addresses can be determined after completion of a 
library device set but it is necessary to modify 
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addresses whenever frames are added. Accordingly, 
the same problem will be raised as described above in 
(4), in the case of address representation. 

As described by items (1) to (5) above, it is 
extremely difficult to put the library device under the s 
control of SCSI, in which applicable addresses are 
restricted, because recent large-scale library devices 
are equipped with much more advanced facilities than 
the conventional medium changer device in SCSI-2. 

An embodiment of the present invention may pro- 10 
vide a library control device for controlling a large-scale 
library device by means of such a general-use interface 
35 SOS! and a method thereof. 

In the first aspect of the present invention, the 
library control device comprises a memory unit and a is 
control unit. The memory unit stores logical structure 
information representing the configuration of the library 
device divided into a plurality of logical units, each suit- 
able for independent control. The control unit controls 
the operations of the library device using the logical 20 
structure information. 

Each frame of the library device is, for example, 
regarded as one logical unit in SCSI, and the library 
device is divided into as many logical units as frames. 
Accordingly, even in such a large-scale library device 25 
with more addresses than are available using 2 bytes, 
each division of it is independently controllable as a 
medium changer device in SCSI. 

In the logical structure information stored in the 
memory unit, 2 bytes of element addresses such as cell 30 
addresses are written for each of the logical units. 

The host system issues the medium transfer com- 
mands to the medium changer device and directs the 
control unit to control the library device, and it is neces- 
sary to assign element addresses of an accessor, a 35 
transfer source, and a transfer destination, when the 
command is issued. 

Accordingly, a virtual transport element is provided 
to logical units containing no accessor(ACC). and the 
element addresses are assigned. These element 40 
addresses correspond to an address of the real ACC. 
Thus, the medium transfer command can be issued 
even to logical units containing no ACCs. 

Further, virtual import/export elements are provided 
with the function to import/export a recording medium 45 
between two logical units, so as to enable commands 
for recording medium transfer, and element addresses 
are assigned to these virtual elements. 

The control unit processes the commands to differ- 
ent logical units in association with a check of the logical so 
structure information, on receipt of a command for each 
logical unit from the host system. Based on the result of 
this process, the control signal is issued to control the 
library device. 

As explained above, the logically divided library 55 
device can be controlled in a unified manner by provid- 
ing virtual functional elements which do not exist in 
each of the library devices, in cooperation with the SCSI 



interface. 

In the second aspect of the present invention, the 
library device comprises a storage unit and a control 
unit The storage unit stores a plurality of recording 
media, and the control unit controls the library device by 
dividing it into a plurality of logical units, each suitable 
for independent control. 

In the third aspect of the present invention, the con- 
trol device comprises a memory unit and a control unit. 
The memory unit stores logical structure information 
representing the configuration of a control object 
divided into a plurality of logical units, each suitable for 
independent control. The control unit controls the con- 
trol object using the logical structure information. 

Still further, in the fourth aspect of the present 
invention, the host system comprises a memory unit 
and a command issuing unit. The memory unit stores 
logical structure information representing the configura- 
tion of the library device divided into a plurality of logical 
units each suitable for independent control. The com- 
mand issuing unit issues commands to each of the plu- 
rality of logical units. 

Reference is made, by way of example, to the 
accompanying drawings in which: 

FIG. 1 A is a schematic diagram of the library device; 
FIG.1B is a structural diagram of the library device; 
FIG.2A shows a principle chart of a library control 
device embodying the present invention; 
FIG.2B is a flowchart of the control processing of a 
plurality of the logical units; 
FIG.3 is a structural diagram of the control system; 
FIG.4 is a structural diagram of the library control- 
ler; 

FIG.5 is a table showing a medium transfer com- 
mand in SCSI; 

FIG.6 is a structural diagram showing virtual ele- 
ments; 

FIG.7 is a table showing element addresses of LUN 
0; 

FIG.8 is a table showing element addresses of LUN 
1; 

FIG.9 is a table showing element addresses of LUN 
2; 

FIG. 10 is a table showing element addresses of 
LUN 3; 

FIG.1 1 is an address reference table for data trans- 
fer elements; 

FIG. 12 is a table showing control data; 

FIG. 1 3 is a flowchart of the processing of the library 

controller; 

FIG. 14 is a flowchart No.1 of the processing of LUN 
0; 

FIG. 15 is a flowchart No.2 of the processing of LUN 
0; 

FIG.16 is a flowchart No.3 of the processing of LUN 
0; 

FIG. 1 7 is a flowchart No. 1 of the processing of LUN 
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1; 

FIG.18 is a flowchart No.2 of the processing of LUN 
1; 

FIG.1 9 is a flowchart No.3 of the processing of LUN 
1; 

FIG.20 is a flowchart No.4 of the processing of LUN 
1; 

FIG.21 is a flowchart No.5 of the processing of LUN 
1; 

FIG.22 is a flowchart No.6 of the processing of LUN 
1, 

FIG.23 is a flowchart No.7 of the processing of LUN 

1 ; 

FIG£4 is a flowchart No.8 of the processing of LUN 

1; 

FIG.25 is a flowchart No.9 of the processing of LUN 
1; 

FIG.26 is a flowchart No. 10 of the processing of 
LUN 1; 

FIG.27 is a flowchart No.1 of the processing of LUN 

2; 

FIG.28 is a flowchart No.2 of the processing of LUN 
2; 

FIG.29 is a flowchart No.3 of the processing of LUN 
2; 

FIG.30 is a flowchart No.4 of the processing of LUN 
2; 

FIG.31 is a flowchart No.5 of the processing of LUN 
2; 

FIG.32 is a flowchart No.6 of the processing of LUN 
2; 

FIG.33 is a flowchart No.7 of the processing of LUN 
2; 

FIG.34 is a flowchart No.1 of the processing of LUN 
3; 

FIG.35 is a flowchart No.2 of the processing of LUN 
3; and 

FIG.36 is a flowchart No.3 of the processing of LUN 
3. 

An embodiment of the present invention will now be 
described in detail hereinafter with reference to the 
attached drawings. 

FIG.2A shows a principle of the library control 
device embodying the present invention. The library 
control device comprises a memory unit 1 1 and a con- 
trol unit 12. 

The memory unit stores the logical structure infor- 
mation representing the configuration of the library 
device, divided into a plurality of logical units each suit- 
able for independent control. The control unit controls 
the operations of the library device using the logical 
structure information. 

Each frame of the library device is, for example, 
considered to be one logical unit in SCSI and the library 
device is divided into as many logical units as there are 
frames. Accordingly, even in such a large-scale library 
device with more addresses than are available using 2 



bytes, each division of it is independently controllable as 
a medium changer device in SCSI. 

In the logical structure information stored in the 
memory unit 11, the 2 bytes of the element addresses 

5 such as cell addresses are written for each of the logical 
units. LUN represents a logical unit number and the let- 
ter (h) in the column for the element address shows that 
the addresses are written as hexadecimal numbers. 
The host system issues a medium transfer corn- 
to mand to the medium changer device and directs the 
control unit 12 to control the library device, and it is nec- 
essary to assign element addresses of the accessor, 
the transfer source, and the transfer destination, when 
the command is issued. 

15 Contrary to this, in the library device in FIG.2A, no 
accessors are included in either LUN 1 or LUN 2. 

Accordingly, as shown by a dotted line, a virtual 
accessor is provided in these logical units and an ele- 
ment address is assigned to the virtual accessor. This 

20 element address is made to correspond to an address 
of a real accessor. Thus, the medium transfer command 
can be issued to both LUN 1 and LUN 2. 

Further, virtual import/export elements with the 
function of transferring a recording medium between 

25 two adjoining or remote logical units are provided so as 
to facilitate the recording medium transfer between dif- 
ferent logical units, and element addresses are 
assigned to these virtual elements. As indicated by 
arrows, the host system can command a transfer 

30 between different logical units by issuing two linked 
commands to a pair of import/export elements corre- 
sponding to each other. 

In the case of a command to transfer a medium 
from LUN 0 to LUN 1, for example, a first command is 

35 initially issued to LUN 0 to transfer the medium to the 
address 0100, followed by a second command to LUN 1 
to transfer the medium from the address FF01 . 

The control unit 12 processes the commands to dif- 
ferent logical units in association with a check of the log- 

40 real structure information, on receipt of the command 
from the host system, for each logical unit. Based on the 
result of this process, the control signal is issued to con- 
trol the library device. 

On receiving the first and second commands, for 

45 example, the destination address 0100 of the first com- 
mand is recognized to correspond to the source 
address FF01 of the second command, by referring to 
the logical structure information. At this time, it is con- 
sidered that the recording medium is transferred 

so between these virtual elements, and the library device is 
controlled to transfer the recording medium directly from 
the source element address of the first command, to the 
destination element address of the second command. 
In such a manner as described above, the logically 

55 divided library device can be controlled in a unified man- 
ner by providing virtual functional elements which do not 
exist in each of the library devices, in co-operation with 
the SCSI interface. 
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Further, the NOT READY state can be set in each 
of the logical units by logically dividing the library device. 
In the case of the number of frames of the library device 
being increased, the added frames can be defined as 
new ones, and no revision is required to the addresses 
of the existing elements. Accordingly, predetermined 
addresses can be stored even though the model is 
structurally modified or upgraded, without rewriting 
addresses represented on manufacture. 

The memory unit 1 1 in FIG.2A, for example, corre- 
sponds to the memory 33 in FIG.4 described later, the 
control unit 12 corresponds to the interface 31, 34, and 
processing unit 32, and the logical structure information 
corresponds to the address information shown in 
FIGS.7, 8, 9,10 and 11. 

In the present embodiment, the library controller 1 
(FIG.1 A) of the library device interprets a command set 
for the medium changer device in SCSI to control the 
library device, by association with the library manage- 
ment software of the upper host computer. Therefore, 
the library controller 1 serves as the SCSI controller. In 
order to increase the number of cell addresses available 
to the medium changer device, the library device is log- 
ically divided into a plurality of logical units, not treated 
as one logical unit as in SCSI-2. 

In one example of the preferred embodiments as 
described below, a logical unit number (LUN) in SCSI is 
assigned to each of the frames comprising the library 
device. Thus, 2 byte addresses can be defined for each 
frame, and it is possible to deal with the large-scale 
library device with more cell addresses than are availa- 
ble using 2 bytes. 

The host computer issues to the library controller 1 
one or more commands directing linking operations 
among a plurality of logical units or frames under con- 
trol, resulting in controlling a library device set In order 
to enable linking operations in different logical units, vir- 
tual cells are provided, as described below, in each 
frame: 

(a) virtual medium transport units are allocated to 
all frames. In other words, virtual cells representing 
accessors are provided to frames other than those 
having an accessor 6. 

(b) The adjoining frames in the library device are 
connected by providing virtual cells with the func- 
tion of transferring a recording medium. 

(c) The remote frames in the library device are also 
connected by providing virtual cells with the func- 
tion of transferring a recording medium. 

In the above items (a) to (c), to provide virtual cells 
means to set cell addresses representing dummy func- 
tions. The library controller 1 recognizes whether or not 
the command issued from the host computer to each 
LUN is a transfer command necessary to be linked with 
other LUNs. 

When the command is issued to such specific vir- 



tual cells as described in the above (a) to (c), the library 
controller 1 stores the command without executing any 
operation, until a series of commands have been issued 
to terminate the linking operation. 

5 FIG.2B is a flowchart of the control process in a plu- 
rality of logical units performed by the library controller 
1. On starting the process, the library controller 1 
receives a command for one of the logical units from the 
host computer (step S1), followed by the determination 

10 of whether or not any virtual cell address is included in 
the received command (step S2), and the received com- 
mand is temporarily stored if such addresses are 
included (step S3). 

Further, a decision is made as to whether or not a 

is series of stored commands are executable (step S4). 
These commands are judged executable if the 
addresses of the virtual cells included in these com- 
mands constitute a corresponding pair, and if the physi- 
cal transfer source and destination of the recording 

20 medium can be specified. On the other hand, these 
commands are judged unexecutable if virtual cell 
addresses which do not correspond to any of the 
addresses of existing real units remain in the com- 
mands. 

25 If a series of commands are judged unexecutable, 
the following command is fed from the host computer 
(step S1), and the iterative process in and after step S2 
is performed. If a series of commands are executable, 
these commands are interpreted together to operate 

30 the library device (step S5), and the process is termi- 
nated. In step S2, the command is instantly executed to 
terminate the process, when it is determined that no 
addresses of virtual cells are included in the command. 
In such a manner as described above, one frame 

35 can be regarded as one logical unit controllable in SCSI, 
by providing appropriate virtual cells in each frame. 
Accordingly, the host computer can issue a medium 
transfer command to each frame. Further, it is made 
possible to set the address of the virtual cell in corre- 

40 spondence with a real function and to control the logi- 
cally divided library device by interpreting and executing 
a series of mutually related commands. 

In addition, the library device can inform the host 
computer of the NOT READY state in each LUN when it 

45 is required to set a frame into the NOT READY state, 
since the host computer individually controls each of the 
logical units. 

FIG.3 shows the structure of the control system in 
the large-scale library device as one of the preferred 
so embodiments. The library device 22 in FIG.3, corre- 
sponding to the library device in FIGS. 1 A and 1 B, oper- 
ates on receipt of the commands from the host 
computer 21 having a SCSI interface. 

In the library device described above, LUN 0. LUN 
55 1, LUN 2, and LUN 3 are assigned to the four frames 
RAU, DAU 0, TAU 0, and LAU, in that order, and each 
frame is recognized as an independent logical unit In 
some cases as described below, each frame is identi- 
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tied in accordance with the LUN form. The frame RAU, 
for example, is only represented as LUN 0. 

In FIG.3. the accessor 6 in LUN 0 and LUN 3 is 
defined as the transport element (TR) in SCSI, and the 
hexadecimal address 0000 is assigned. In this case, an s 
element in SCSI means a cell in the broader sense, 
including the real cell 7. 

CAS 5 is defined as the import/export element (IE) 
to which the address 0001 is assigned. The cells 7 are 
defined as the storage elements (ST) to which the 10 
addresses 0002 to 00FF are assigned. In LUN 1 both 
DEE 2 and the cells 7 are defined as the storage ele- 
ments to which the addresses 0000 to F0O0 and FOOOi 
to FF00 are assigned, respectively. 

8 sets of MTU 4 in LUN 2 are all defined as data 
transfer elements (DT) to which the addresses 0000 to 
0007 are assigned, and the cells 7 in LUN 2 are defined 
as the storage elements to which the addresses 0008 to 
1000 are assigned. 

FIG.4 is a structural chart of the library controller 1 
shown in FIG.3. The library controller 1 comprises a 
SCSI input/output interface (I/O) 31, processing unit 32, 
memory 33, and input/output interface (I/O) 34 for each 
frame. These elements are connected by means of a 
bus 35. 

The interlace 31 receives the commands from the 
host computer 21 and transmits the response back to 
the host computer 21. The memory 33 includes a read 
only memory (ROM) for storing data and programs and 
a random access memory (RAM) for processing. 

The processing unit 32 executes the programs 
stored in the memory 33 using the data stored in the 
memory 33. Based on the result, the command is inter- 
preted to instruct an operation in each frame. The inter- 
face 34 sends a control signal on the basis of the control 
from the processing unit 32. In this manner, the library 
controller 1 executes the commands from the host com- 
puter 21 to operate the library device 22. 

FIG.5 shows a data configuration of the medium 
transfer command (MOVE command) in SCSI, trans- 
ferred to the Iforary controller 1. In the MOVE command 
in FIG.5, CDB 0 represents the operation code corre- 
sponding to the medium transfer, and CDB 1 shows the 
LUN of the logical unit of the command issue object. 

CDB 2 and CDB 3 represent the address of the 
transport element in the logical unit, CDB 4 and CDB 5 
the address of the source element, and CDB 6 and CDB 
7 the address of the destination element. These 
addresses are represented in the form of 2 bytes. 

As described above, the MOVE command in SCSI 
can direct the medium transfer only between the ele- 
ments in a specified logical unit The MOVE command, 
however, cannot direct the medium transfer between dif- 
ferent logical units. Additionally, in the library device 22 
in FIG.3, no accessor is included in LUN 1 and LUN 2, 
and no definition is given to the transport element. 
Therefore, the MOVE command cannot be issued to 
these logical units without some modification. 
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Accordingly, as shown in FIG.6. the host computer 
21 provides an appropriate virtual transport element, 
virtual import/export element, and virtual data transfer 
element, and issues the MOVE command including the 
addresses of these virtual elements. 

In FIG.6, the virtual transport element 41 and the 
virtual import/export element 42 are provided to LUN 1 
and LUN 2 having no ACC 6 and CAS 5. The transport 
element 41 and the import/export element 42 respec- 
tively correspond to the real ACC 6 and CAS 5. 

The addresses 1004 and 1005 are assigned 
respectively to the transport element 41 and the 
import/export element 42 in LUN 2 and the addresses 
FF04 and FF05 are assigned respectively to the trans- 
port element 41 and the import/export element 42 in 
LUN 1. 

Thus, by using the virtual transport element 41 , the 
host computer 21 can utilize the transport element 
address (CDB 2 and CDB 3) of the MOVE command to 
cover LUN 1 and LUN 2. and can issue a MOVE com- 
mand to these frames. 

Further, by using the virtual import/export element 
42, the host computer can utilize addresses corre- 
sponding to CAS 5 in other frames, as the source ele- 
ment address (CDB 4 and CDB 5) or the destination 
element address (CDB 6 and CDB 7) of the MOVE com- 
mand to LUN 1 and LUN 2. As a result, the recording 
medium transfer between CAS 5 and LUN 1 or LUN 2 
can be directly commanded to LUN 1 or LUN 2. 8 sets 
of virtual data transfer elements corresponding to 8 sets 
of MTU 4 in LUN 2 are provided to LUN 0, LUN 1, and 
LUN 3 which have no MTU 4. The addresses 0103 to 
010A are assigned to the data transfer elements 43 in 
LUN 0 and LUN 3, and the addresses FF06 to FF0D to 
the data transfer elements 43 in LUN 1 . 

Thus, by using the virtual data transfer element 43, 
the host computer 21 can utilize addresses correspond- 
ing to MTU 4 in LUN 2, as the source element address 
or the designation element address of the MOVE com- 
mand to LUN 0, LUN 1, and LUN 3. As a result, the 
recording medium transfer between MTU 4 and LUN 0, 
LUN 1, or LUN 3 can be directly commanded to LUN 0, 
LUN 1, or LUN 3. 

In order to enable the recording medium to be 
imported/exported between arbitrary frames, a virtual 
import/export element 44 is provided for all frames. The 
addresses 0100, 0101, and 0102 are assigned to the 3 
sets of import/export elements 44 in LUN 0, and the 
addresses FF01, FF02 and FF03 to the 3 sets of 
import/export elements in LUN 1 . 

Further, the addresses 1001, 1002 and 1003 are 
assigned to the 3 sets of import/export elements 44 in 
LUN 2, and the addresses 0100, 0101 and 0102 to the 
3 sets of import/export elements 44 in LUN 3. 

In these import/export elements, the element 44 at 
the address 0100 in LUN 0 corresponds to the element 
44 at the address FF01 in LUN 1 . The virtual recording 
medium transfer can be performed between these ele- 
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ments. 

Accordingly, the host computer 21 can direct the 
recording medium transfer between LUN 0 and LUN 1 , 
by applying the addresses of these import/export ele- 
ments 44 to the source element or the destination ele- 
ment of the MOVE command. 

Similarly, the import/export element 44 at the 
address 0101 in LUN 0 corresponds to the 
import/export element 44 at the address 1003 in LUN 2, 
and the import/export element 44 at the address 0102 in 
LUN 0 to the import/export element 44 at the address 
0102 in LUN 3. 

The import/export element 44 at the address FF02 
in LUN 1 corresponds to the import/export element 44 
at the address 1001 in LUN 2, the import/export ele- 
ment 44 at the address FF03 in LUN 1 corresponds to 
the import/export element 44 at the address 0101 in 
LUN 3, and the import/export element 44 at the address 
1002 in LUN 2 corresponds to the import/export ele- 
ment 44 at the address 0100 in LUN 3. 

In such a manner, through the virtual import/export 
element 44, the host computer 21 can utilize addresses 
corresponding to other frames as the source element or 
the destination element of the MOVE command, and the 
recording medium transfer can be directed between 
arbitrary frames. 

FIGS.7 to 10 are tables showing the addresses of 
each of the real and the virtual elements. FIGS. 7, 8, 9, 
10 show the element addresses of LUN 0, LUN 1 , LUN 
2 and LUN 3, respectively. 

In these FIGS, the real function represents the real 
element shown by the solid lines in FIG.6, and the vir- 
tual element represents the virtual element shown by 
the dotted lines in FIG.6. For example, the notation 
import/export (RAU - DAU 0) in FIG.7 represents that 
this is the element for virtually importing/ exporting the 
recording medium between RAU and DAU. The letter 
(h) in the element address shows that the addresses 
are given as hexadecimal numbers. 

The virtual element with the symbol '*' corresponds 
to the element 44 for virtually importing/exporting the 
recording medium between two frames in adjoining 
positions, and the virtual element with the symbol is 
the element 44 for virtually importing/exporting the 
recording medium between two frames in remote posi- 
tions. 

Further, the virtual element with the symbol '***' 
corresponds to the transport element 41 , the virtual ele- 
ment with the symbol corresponds to the 
import/export element 42, and the virtual element with 
the symbol corresponds to the data transfer ele- 
ment 43. 

The data transfer elements 43 in LUN 0. LUN 1, 
and LUN 3 are in one-to-one correspondence with the 
addresses of MTU 4 in LUN 2, and the relation is shown 
in the address reference table in FIG.1 1 . In FIG.1 1 , the 

symbol MTU (i) (i=0, 1, 2 7) corresponds to the 

addresses 0000 to 0007 in FIG.3, respectively. 



The host computer 21 and the library controller 1 
store the LUN and a part or all of the address informa- 
tion shown in FIGS.7 to 1 1 as the management informa- 
tion, and control the library device 22 with reference to 

s the information. 

As described above, on the basis of the character- 
istics of the large-scale library device that the number of 
real transport elements, data transfer elements, and 
import/export elements is extremely small compared 

10 with the number of medium storage elements, the 
present embodiment divides the whole library device 22 
into frames as logical units in SCSI. 

Further, by providing the virtual iransfer elements 
41 , import/export elements 42 and 44, and data transfer 

is elements 43, the divided large-scale library device is 
controlled for the recording medium transfer between 
logical units. Detailed explanation will be given in the fol- 
lowing about the control method. 

A general operation of the library deice 22 is sum- 

20 marized as follows:- 

(1) Commands in accordance with an application pro- 
gram 

25 The application program executed in the host com- 
puter 21 specifies the volume name of the recording 
medium, and informs the library management software 
in the host computer 21 of the operating procedure of 
the library device 22. The volume name, for example, is 

30 given in a combination of six letters/ figures. The operat- 
ing procedure includes the action of mounting a record- 
ing medium in the MTU 4, the exporting action from 
DEE 2 or CAS 5 out of the library device 22, and the 
like. 

35 Two examples are given in the information for a 
transfer inside the library device 22; that the destination 
address is explicitly informed, and that the destination 
address is not informed, for the purpose of utilizing the 
automatic address assignment by the library manage- 

40 merit software. 

(2) Process of the library management software 

The library management software calculate from 
45 the informed volume name an element address of the 
library device 22 in which the objective recording 
medium is stored. In addition, the library management 
software determines the destination element address of 
the recording medium, in accordance with the operation 
so procedure informed by the application program. 
Depending on the operation procedure, however, there 
are some cases when no recording medium transfer is 
required. 

55 (3) Command issue 

The library management software issues the appro- 
priate commands for dealing with the recording medium 
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through the interface between the host computer 21 and 
the library controller 1. 

(4) Process of the library controller 

5 

The library controller 1 operates the recording 
medium in accordance with the commands from the 
host computer 21. 

Hereunder, the operating examples are described 
concerning the library device 22. 10 

The first operating example is that the recording 
medium of the volume 'XXXXXX' in the address 1 000 of 
DEE 2 in the frame DAU 0 is mounted in MTU 4 at ihe 
address 0001 in the frame TAU 0. The above operation 
is explained according to the general operation is 
described above, as follows:- 

(1) Command in accordance with an application pro- 
gram 

20 

The application program informs the library man- 
agement software of a command for mounting the vol- 
ume XXXXXX' in MTU 4. At this point, no destination 
element address is specified. 

25 

(2) Operation of the library management software 

The library management software retrieves the ele- 
ment address information that the volume 'XXXXXX' is 
stored, recognizes that it is stored at the address 1000 30 
of LUN 1 , checks for free space in MTU 4, and decides, 
for example, that the volume can be mounted in the 
address 0001 in TAU 0. 

One of the methods for retrieving the element 
address from the volume name is that it is retrieved from 35 
a medium information database managed by the library 
management software. Another method is that corre- 
spondence information between the volume information 
of the recording medium and the element address is 
included in the library contrail©' 1, and that the com- <o 
mand for collecting such information is issued to the 
library controller 1 for retrieval by the library manage- 
ment software. In general, the former method is often 
used. 

45 

(3) Command issue 

The library management software initially issues 
the MOVE command for LUN 1 to the library controller 
1. By this command, the recording medium in the so 
address 1000 in DAU 0 is transferred to the virtual 
import/export element 44 at the address FF02 for a 
transfer from DAU 0 to TAU 0, by utilizing the virtual 
transport element 41 at the address FF04. 

Further, the library management software issues ss 
the MOVE command for LUN 2. By this command, the 
recording medium in the virtual import/export element 
44 in the address 1001 in TAU 0 is transferred to MTU 4 



in the address 0001. by utilizing the transport element 
41 in the address 1004. 

(4) Operation of the library controller 

On receiving the initial MOVE command, the library 
controller 1 supposes that the recording medium in the 
address 1000 in DAU 0 is transferred to the 
import/export element 44 in the address FF02. On 
receiving the second MOVE command, the library 
device 22 is really operated to transfer the recording 
medium. At this point, the accessor 6 in RAU or LAU is 
operated io mount the recording medium from the 
address 1000 in DAU 0 in MTU 4 in the address 0001 in 
TAU0. 

In the first operating example described in the 
above (i) to (4), the recording medium transfer is real- 
ized between the adjoining logical units, by utilizing the 
virtual transport element 41 and the virtual 
import/export element 44. 

In consideration of the logical division of the library 
device 22, the library management software issues a 
plurality of related commands necessary for operating 
the recording medium to the library controller 1, and 
enables the medium operation by the application pro- 
gram in the host computer 21. The library controller 1 
controls the divided library device 22 by processing a 
plurality of received commands which are linked. 

Further, in the case of the recording medium trans- 
fer between remote positions, not between adjoining 
positions, the recording medium is transferred in turn to 
the adjoining logical unit by liking a plurality of com- 
mands, finalizing the transfer to a remote destination. 

Or, the direct transfer can be commanded by utiliz- 
ing the import/export element directly connecting the 
remote logical units. The latter is more effective than the 
former because the number of commands is reduced in 
the latter. 

The second operating example is that the volume 
YYYYYY in the address 0002 of the frame RAU is 
mounted in MTU4 in the address 0001 in the frame TAU 
0. The operation in this example is explained in accord- 
ance with the general operation described above. 

(1) Commands in accordance with an application pro- 
gram 

The application program directs the library man- 
agement software to mount the volume YYYYYY* in 
MTU 4. In this case, no destination element address is 
specified. 

(2) Operation of the library management software 

The library management software retrieves the ele- 
ment address information that the volume *YYYYYY' is 
stored, recognizes that it is stored at the address 0002 
in LUN 0. checks for free space in MTU 4, and decides 



8 



15 



EP0 859 308A1 



16 



to mount it in MTU 4 in the address 0001 in TAU 0. The 
same method for retrieval is taken in this case as in the 
first operating example. 

(3) Command issue s 



stored, recognizes that it is stored at the address 0000 
in DAU 0. checks for free space in CAS 5. and deter- 
mines to move the volume to CAS 5 in the address 0001 
in RAU. The same procedure is executed in the retrieval 
as in the first operating example described above. 



The library management software issues the MOVE 
command for LUN 0 to the library controller 1 . In accord- 
ance with this command, the recording medium in the 
address 0002 in RAU is directed to move to the virtual 
data transfer element 43 in the address 0104, by utiliz- 
ing the transport element 6 in the address 0000. 

(4) operation of the library controller 

On receiving the MOVE command described 
above, the library controller 1 confirms, with reference to 
the address table in FIG.1 1. that the data transfer ele- 
ment 43 in the address 0104 corresponds to MTU 4 in 
the address 0001 in LUN 2 (TAU 0). and mounts the 
recording medium from the address 0002 in RAU in 
MTU 4 in the address 0001 in TAU 0. 

In the second example shown in the above (1) to 
(4), the recording medium transfer from the logical unit 
having no MTU 4, to the logical unit having MTU 4, can 
be executed by a single command by utilizing virtual 
data transfer element 43. When the specific MTU 4 is 
occupied, a free data transfer element 43 can be easily 
searched for by setting a flag indicating 'IN USE' state at 
the data transfer element 43 corresponding to that MTU 
4. 

Similarly, providing virtual import/export element 42 
to the logical unit having no CAS 5, the recording 
medium transfer between the logical unit and a logical 
unit having CAS 5 is realized. For example, if the record- 
ing medium transfer from the CELL 7 in RAU to MTU 4 
in TAU 0 in the second operating example is replaced by 
the recording medium transfer from DEE 2 in DAU 0 to 
CAS 5 in RAU or LAU, the operation described above 
can be explained with ease. 

Accordingly, for the third operating example, such 
case is projected as moving the volume 777777 from 
the address 0000 in the frame DAU 0 to CAS 5. The 
operation in this case will be explained in accordance 
with the general operation described above. 

(1) Command in accordance with an application pro- 
gram 

The application program informs the library man- 
agement software to move the volume 777777 to CAS 
5. At this time, the destination element address is not 
specified. 

(2) Process of the library management software 

The library management software retrieves the ele- 
ment address information that the volume 777777' is 



(3) Command issue 

The library management software issues to the 
10 library controller 1 the MOVE command for LUN 1 . This 
command directs the library controller 1 to move the 
recording medium from the address 0000 in DAU 0 to 
ihe virtual import/export element 42 in the address 
FF05, by utilizing the virtual transport element 41 in the 
is address FF04. 

(4) Operation of the library controller 

On receiving the above MOVE command, the 
20 library controller 1 confirms that the import/export ele- 
ment 42 in the address FF05 corresponds to CAS 5 in 
the address 0001 in RAU. Further, the library controller 
1 actuates ACC 6 in RAU to move the recording medium 
from the address 0000 in DAU 0 to CAS 5 in RAU. 
25 For the fourth operating example, an explanation 
will be given with respect to the import/export operation 
by the operator using DEE 2 in the frame DAU 0. 

(1) The operator sets DAU 0 offline by operating a 
30 switch or the like installed on DEE 2. 

(2) When the library controller 1 detects the desig- 
nation of the offline state of DAU 0, the library con- 
troller 1 changes LUN 1 to the NOT READY state, 
and disables DAU 0 to execute commands from the 

35 host computer 21 during the NOT READY state. 
Other frames. RAU. TAU 0, LAU. are in the READY 
state and remain operable. 

(3) As the library controller 1 permits the NOT 
READY state, the door 3 of the DEE 2 can be 

40 opened. The operator opens the door 3 and starts 
the import/export operation of the recording media. 

(4) When the operator informs the library controller 
1 of the termination of the import/export operation 
by operating the switch, the library controller 1 

45 changes LUN 1 to the READY state. 

In the fourth operating example, the READY/NOT 
READY state can be controlled for each of the logical 
units. Therefore, it is clearly represented that a specific 

so logical unit can be used on the SCSI interface. Accord- 
ingly, it becomes possible to keep the library device 22 
active during maintenance and to make it partially 
offline for maintenance. 

Moreover, in the present embodiments, when a new 

55 frame is added to the library device 22, the library con- 
troller 1 has only to add the LUN of the new frame to the 
control information, while the LUNs of the existing 
frames are unmodified. No revision of unit addresses is 
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required. 

For example, when DAU 1 with the same structure 
as DAU 0 is added, similar control can be realized by 
defining the new frame as LUN 4 and providing virtual 
elements for linking with each of the existing LUNs. At s 
this point, the addresses of the existing elements do not 
change in the view of the library management software 
of the host computer 21. Therefore, no revision is 
required to the existing addresses on the addition of 
frames. 10 

Since the system controls each frame as an inde- 
pendent logical unit, the location of a frame can be 
determined arbitrarily in the library device 22. It is possi- 
ble to show the element addresses designated in the 
frame on manufacture. No changes are required in the is 
addresses even in cases of model change or frame 
addition. 

Further, with reference to FIGS.12 to 36, detailed 
explanation will be given about one example of a control 
process program by means of the library controller 1. 20 
FIG. 12 shows the table for storing control data for the 
virtual import/export element 44. This table is stored in 
the memory 33 of the library controller 1 . 

In FIG.12, a pair of import/export elements 44 are 
shown as a mutually corresponding set. For example, 25 
the first control data 'RAU - DAU 0' relates to the record- 
ing medium transfer between RAU and DAU 0, and is 
used for controlling a set of paired import/export ele- 
ments 44 in the address 01 00 in RAU (LUN 0) and in the 
address FF01 in DAU 0(LUN 1). 30 

When the host computer 21 issues the MOVE com- 
mand including an address of one of these 
import/export elements 44 as the destination, the library 
controller 1 sets the flag of the bit 1 9 in the control data 
'RAU - DAU 0\ and writes the LUN (3 bits) of the com- 35 
mand and the source element address (16 bits) into the 
bits 18 - 0. By the above operation, the library controller 
1 recognizes the completion of the command to transfer 
the recording medium between RAU and DAU 0. 

On receiving the MOVE command including 40 
another corresponding address as the source, the 
library controller 1 resets the flag of the control data By 
using LUN and the address written in the control data, 
LUN of the command and the destination element 
address, the library controller 1 commands the real 45 
operation to the library device 22. The library controller 
1 sets the flag by writing, for example, '1 ' to the flag, and 
resets the flag by writing '0*. 

Similarly, the second control data 'RAU - TAU 0' 
controls a pair of the import/export elements 44 in the so 
address 0101 in RAU and in the address 1003 in TAU 
0(LUN 2). The third control data 'RAU - LAU' controls a 
pair of the import/export elements 44 in the address 
0102 in RAU and in the address 0102 in LAU (LUN 3). 

The fourth control data 'DAU 0 - TAU 0' controls a ss 
pair of the import/export elements 44 in the address 
FF02 in DAU 0 and in the address 1001 in TAU 0, and 
the fifth control data 'DAU 0 - LAU' controls a pair of the 
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import/export elements 44 in the address FF03 in DAU 

0 and in the address 0101 in LAU. 

The sixth control data TAU 0 - LAU' controls a pair 
of the import/export elements 44 in the address 1002 in 
TAU 0 and in the address 0100 in LAU. 

FIG. 13 shows the overall flowchart of the library 
controller 1. On starting the process and receiving one 
SCSI command (step S11), the library controller 1 
determines, first of all, whether or not the LUN written in 
the command is 0 (step S12). If LUN is 0, the library 
controller confirms if LUN 0 is in the READY state (step 
S13). 

If LUN 0 is in the READY siaie. a process for LUN C 
is performed (step S15), and the command is termi- 
nated (step S27). if LUN 0 is not ready, the library con- 
troller 1 returns the NOT READY response to the host 
computer 21 (step S14) and the command is terminated 
(step S27). 

If LUN of the command is not 0, it confirms if LUN is 

1 (step S16). If LUN is 1, it confirms if LUN 1 is READY 
(step S17). If LUN 1 is READY, a process for LUN 1 is 
performed (step S18), and the command is termi- 
nated(step S27). If LUN is not READY, the NOT READY 
response is returned to the host computer 21 (step S1 4) 
and the command is terminated (step S27). 

If LUN is not 1, it confirms if LUN is 2 (step S19). If 
LUN is 2, it confirms if it is READY (step S20). If LUN 2 
is READY, a process for LUN 2 is performed (step S21), 
and the command is terminated (step S27). If LUN 2 is 
NOT READY the NOT READY response is returned 
(step S14) and the command is terminated (step S27). 

If LUN of the command is not 2, it determines if 
LUN is 3 (step S22). If LUN is 3, it confirms if LUN 3 is 
READY (step S23). If LUN 3 is READY, a process for 
LUN 3 is performed (step S24), and the command is ter- 
minated (step S27). If LUN 3 is NOT READY, the NOT 
READY response is returned (step S14) and the com- 
mand is terminated (step S27). 

If LUN of the command is not 3, no corresponding 
logical unit exists, and an error procedure is executed 
(step S25). In the error procedure, the library controller 
1 informs, for example, the host computer 21 of an error. 
After the error recovery procedure (step S26), the com- 
mand is terminated (step S27). On completion of one 
command, the library controller 1 receives the following 
command from the host computer 21 and executes the 
same procedure. 

FIGS. 14 to 16 show flowcharts of the LUN 0 proc- 
ess in step S1 5, and FIGS. 1 7 to 26 are flowcharts of the 
LUN 1 process in step S18. FIGS. 27 to 33 show flow- 
charts of the LUN 2 process in step S21, and FIGS.34 
to 36 are flowcharts of the LUN 3 process in step S24. 

Firstly, an explanation is given of the process for 
LUN 0. On starting the process, the library controller 1 
determines if the source element address of the com- 
mand is lower than 0100 (FIG.14, step S31). If the 
source element address is lower than 0100, it deter- 
mines if the destination element address is lower than 
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0100 (step S32). If the destination element address is 
lower than 01 00. the command is restricted to RAU. The 
recording medium is transferred in RAU(step S33) and 
the process is terminated. 

In step S32, if the destination element address is s 
not lower than 0100, it determines if it is 0100 (step 
S34). If the destination element address is 0100, this 
command represents the recording medium transfer 
from RAU to DAU 0. LUN and the source element 
address of the command are stored in the control data 10 
'RAU - DAU 0* (step S35), the flag is set (step S36) and 
the process is terminated. 

In step S34, unless the destination element 
address is 0100, it is compared with the address 0101 
(step S37). If the destination element address is 0101 , is 
this command represents the recording medium trans- 
fer from RAU to TAU 0. LUN and the source element 
address of the command are stored in the control data 
'RAU - TAU 0' (step S38), the flag is set(step S39) and 
the process is terminated. 20 

In step S37, unless the destination element 
address is 0101, it is compared with the address 0102 
(step S40). If the destination element address is 0102, 
this command represents the recording medium trans- 
fer from RAU to LAU. LUN and the source element 
address of the command are stored in the control data 
'RAU - LAU' (step S41 ), the flag is set (step S42) and the 
process is terminated. 

In step S40, unless the destination element 
address is 0102, it is determined if rt is not lower than 
0103 and not higher than 01 OA (step S43). If the desti- 
nation element address is within this range, the destina- 
tion corresponds to MTU 4 in TAU 0. With reference to 
the address table in FIG.11. the recording medium is 
transferred from RAU to MTU 4 in TAU 0 (step S44) and 
the process is terminated. 

In step S43, if the destination element address is 
lower than 0103 or higher than 01 OA, no corresponding 
address exists in RAU. The same error procedure is 
executed as in step S25 (FIG. 16, step S67), the error 
recovery procedure is executed (step S68) and the 
process is terminated. 

In step S31, if the source element address is not 
lower than 0100, it is determined rf it is 0100 (FIG.15. 
step S51). If the source element address is 0100, the 
destination element address is compared with the 
address 0100 (step S52). If the destination element 
address is lower than 0100, it is confirmed if the flag of 
the control data 'RAU - DAU 0' is set (step S53). 

If the flag is set, this command represents the 
recording medium transfer from DAU 0 to RAU. The flag 
of the control data 'RAU - DAU 0' is reset (step S54), the 
recording medium is transferred from the source ele- 
ment address in LUN stored in the control data to the 
destination element address in RAU (step S55) and the 
process is terminated. 

If the destination element address is not lower than 
0100 in the step S52 and if the flag is not set in step 



S53, the command proceeds with the procedure in and 
after step S67 in FIG. 16. 

In step S51 , unless the source element address is 
0100. it is compared with the address 0101 (step S56). If 
the source element address is 01 01 , the destination de- 
ment address is compared with the address 0100 (step 
S57). If the destination element address is lower than 

0100, it is confirmed if the flag of the control data 'RAU 
-TAU0' is set (step S58). 

If the flag is set, this command represents the 
recording medium transfer from TAU 0 to RAU. The flag 
of the control data 'RAU - TAU 0' is reset (step S59), the 
recording medium is transferred from the source ele- 
ment address in LUN stored in the control data to the 
destination element address in RAU (step S55) and the 
process is terminated. 

If the destination element address is not lower than 
0100 in step S57 and if the flag is not set in step S58, 
the command proceeds with the procedure in and after 
stepS67in FIG. 16. 

In step S56, unless the source element address is 

0101, it is compared with the address 0102(FIG.16, 
step S61). If the source element address is 0102, the 
destination element address is compared with the 
address 0100 (step S62). If the destination element 
address is lower than 0100, it is confirmed if the flag of 
the control data 'RAU - LAU* is set (step S63). 

If the flag is set, this command represents the 
recording medium transfer from LAU to RAU. The flag of 
the control data 'RAU - LAU' is reset (step S69), the 
recording medium is transferred from the source ele- 
ment address in LUN stored in the control data to the 
destination element address in RAU (step S55) and the 
process is terminated. 

If the destination element address is not lower than 
0100 in step S62 and if the flag is not set in step S63, 
the command proceeds with the procedure in and after 
stepS67 in FIG. 16. 

In step S61 , unless the source element address is 

0102, it is determined if it is not lower than 0103 and not 
higher than 01 OA (step S64). If the source element 
address is within this range, the source corresponds to 
MTU 4 in TAU 0. 

Then, the destination element address is compared 
with the address 0100 (step S65). If the destination ele- 
ment address is lower than 0100, the recording medium 
is transferred from MTU 4, in TAU 0 to RAU with refer- 
ence to the address table in FIG. 1 1 (step S66). and the 
process is terminated. In step S65. if the destination 
element is not lower than 0100. the command proceeds 
with the procedure in and after step S67. 

tn step S64, if the source element address is lower 
than 0103 or higher than 010A, no corresponding 
address exists in RAU. The command proceeds with the 
procedure in and after step S67. 

An explanation is given of the process in LUN 1 . On 
starting the process, the library controller 1 determines 
if the source element address of the command is not 
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higher than FFOO (FIG.17, step S71). If the source ele- 
ment address is not higher than FFOO, the command 
proceeds with the procedure in and after step S81 in 
FIG.18. If the source element address is higher than 
FFOO, it is compared with the address FF01 (step S72). 5 

If the source element address of the command is 
FF01 , the command proceeds with the procedure in and 
after step S101 in FIG.19. Unless it is FF01, it is com- 
pared with the address FF02 (step S73). rf the source 
element address is FF02, the command proceeds with 10 
the procedure in and after step S131 in FIG.21. Unless 
it is FF02, it is compared with FF03 (step S74). 

If the source element address of the command is 
FF03, the command proceeds with the procedure in and 
after step S151 in FIG.23. Unless it is FF03, it is com- is 
pared with the address FF05 (step S75). If the source 
element address is FF05, the command proceeds with 
the procedure in and after step S171 in FIG.25. Unless 
it is FF05, it is determined if it is not lower than FF06 and 
not higher than FFOD (step S76). 20 

If the source element address is within the range, 
the command proceeds with the procedure in and after 
step S181 in FIG.26. If it is lower than FF06 or higher 
than FFOD, no corresponding address exists in DAU 0. 
The same error procedure is executed as in LUN 0 (step 

577) , the error recovery procedure is executed (step 

578) and the process is terminated. 
In step S71 , if the source element address is not 

higher than FFOO, it is determined if the destination 
address is not higher than FFOO (FIG.18, step S81). If 
the destination element address is not higher than 
FFOO. the recording medium is transferred in DAU 0 due 
to the command being restricted to DAU 0 (step S82) 
and the process is terminated. 

In step S81, if the destination element address is 
higher than FFOO, it determines if it is FF01 (step S83). 
If the destination element address is FF01, this com- 
mand represents the recording medium transfer from 
DAU 0 to RAU. The flag of the control data 'RAU -DAU 0' 
is set (step $84), LUN and the source element address 
of the command are stored in the control data RAU - 
DAU 0' (step S85) and the process is terminated. 

In step S83, unless the destination element 
address is FF01. it is compared with the address FF02 
(step S86). If the destination element address is FF02, 
this command represents the recording medium trans- 
fer from DAU 0 to TAU 0. The flag of the control data 
•DAU 0 -TAU 0' is set (step S87), LUN and the source 
element address of the command are stored in the con- 
trol data 'DAU 0 - TAU 0' (step S87) and the process is 
terminated. 

In step S86, unless the destination element 
address is FF02, it is compared with the address FF03 
(step S88). If the destination element address is FF03, 
this command represents the recording medium trans- 
fer from DAU 0 to LAU The flag of the control data 'DAU 
0 - LAU' is set (step S89), LUN and the source element 
address of the command are stored in the control data 



'DAU 0 - LAU' (step S85) and the process is terminated. 

In step S88, unless the destination element 
address is FF03, it is compared with the address FF05 
(step S90). If the destination element address is FF05, 
the destination corresponds to CAS 5 in RAU or in LAU. 
Then, the recorcfing medium is transferred to CAS 5 
(step S91) and the process is terminated. 

At this point, it depends on the initial setting of the 
library controller 1 as to which CAS 5 in RAU or LAU is 
used. For example, the user can preliminarily set the 
library controller 1 to put a specified CAS 5 into use. 
Another CAS 5 is automatically used only when the 
specified CAS 5 is out of order. 

A case is considered where any CAS 5 can be 
applied. In such a case, the library controller 1 deter- 
mines which ACC 6 in RAU or in LAU should be used for 
more rapid recording medium transfer, and CAS 5, in a 
frame which includes the determined ACC 6, is 
selected. 

In step S90, unless the destination element 
address is FF05, it is determined if the destination ele- 
ment address is not lower than FF06 and not higher 
than FFOD (step S92). rf the destination element 
address is within this range, the destination corre- 
sponds to MTU 4 in TAU 0. Then, with reference to the 
address table in FIG.1 1, the recording medium is trans- 
ferred from DAU 0 to MTU 4 in TAU 0 (step S93) and the 
process is terminated. 

In step S92, if the destination element address is 
lower than FF06 or higher than FFOD, no corresponding 
address exists in DAU 0. Then, the error procedure is 
executed (step S77), the error recovery procedure is 
executed (step S78) and the process is terminated. 

In step S72, if the source element address is FF01 , 
it is confirmed if the flag of the control data 'RAU - DAU 
0' is set (FIG.19, step S101). Unless the flag is set. the 
error procedure is executed due to an unidentified 
source frame (step S77), the error recovery procedure 
is executed (step S78) and the process is terminated. 

rf the flag of the control data 'RAU - DAU 0' is set. it 
is determined rf the destination element address is not 
higher than FFOO (step S1 02). If the destination element 
address is not higher than FFOO, the destination corre- 
sponds to DEE 2 or the cell 7 in DAU 0. 

Then, the flag of the control data 'RAU - DAU 0* is 
reset (step S102*), the recording medium is transferred 
from the source element address in LUN, stored in the 
control data, to the destination element address in DAU 
0 (step S103) and the process is terminated. 

In step S102, rf the destination element address is 
higher than FFOO, it is compared with the address FF01 
(step S104). If the destination element address is FF01, 
the error procedure is executed because the address is 
the same as the source element address (step S77), the 
error recovery procedure is executed (step S78) and the 
process is terminated. 

Unless the destination element address is FF01, it 
is compared with the address FF02 (step S105). If the 
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destination element address is FF02, this command 
represents the recording medium transfer to TAU 0 
through DAU 0. 

Then, the flag of the control data 'DAU 0 - TAU 0' is 
set (step S106), and the flag of the control data 'RAU - s 
DAU 0' is reset (step S107). LUN and the source ele- 
ment address of the control data 'RAU - DAU 0' are cop- 
ied to the control data 'DAU 0 - TAU 0' (step S108), and 
the process is terminated. 

In step S105, unless the destination element 10 
address is FF02, it is compared with the address FF03 
(step S109). If the destination element address is FF03, 
this command represents the recording medium trans- 
fer to LAU through DAU 0. 

Then, the flag of the control data 'DAU 0 - LAU' is is 
set (step S1 10), and the flag of the control data 'RAU - 
DAU 0* is reset (step S111). LUN and the source ele- 
ment address of the control data 'RAU - DAU 0' are cop- 
ied (step S108) and the process is terminated. 

In step S109, unless the destination element 20 
address is FF03, it is compared with the address FF05 
(FIG.20, step S121). If the destination element address 
is FF05, this command represents the recording 
medium transfer to CAS 5 through DAU 0. 

Then, the flag of the control data 'RAU - DAU 0' is 25 
reset (step S122), the recording medium is transferred 
from the source element address in LUN of the control 
data to CAS 5 (step S123), and the process is termi- 
nated. At this point, it is determined which CAS 5 in 
RAU or in LAU is to be used in the same manner as in 
FIG.18, stepS91. 

In step S121. unless the destination element 
address is FF05, it is determined if it is not lower than 
FF06 and not higher than FF0D (step S124). If the des- 
tination element address remains within this range, the 
destination corresponds to MTU 4 in TAU 0 through 
DAU 0. 

Then, the flag of the control data 'RAU - DAU 0' is 
reset (step S125). and with reference to the address 
table in FIG.11, the recording medium is transferred 
from the source element address in LUN of the control 
data to MTU 4 in TAU 0 (step S126) and the process is 
terminated. 

In step S124, if the destination element address is 
lower than FF06 or higher than FF0D, no corresponding 
address exists in DAU 0. The error procedure is exe- 
cuted (step S77), the error recovery procedure is exe- 
cuted (step S78) and the process is terminated. 

In step S73, if the source element address is FF02, 
it is confirmed if the flag of the control data 'DAU 0 - TAU 
0' is set (F1G.21 , step $131). Unless the flag is set, the 
error procedure is executed due to an unidentified 
source frame (step S77), the error recovery procedure 
is executed (step S78) and the process is terminated. 

If the flag of the control data 'DAU 0 - TAU 0' is set 
it is determined if the destination element address is not 
higher than FF00 (step S1 32). If the destination element 
address is not higher than FF00, the destination corre- 



sponds to DEE 2 or the cell 7 in DAU 0. 

Then, the flag of the control data 'DAU 0 - TAU 0' is 
reset (step S132 1 ), and the recording medium is trans- 
ferred from the source element address in LUN of the 
control data to the destination element address in DAU 
0 (step S103) and the process is terminated. 

In step S132, if the destination element address is 
higher than FF00, it is compared with the address FF01 
(step S133). If the destination element address is FF01 , 
this command represents the recording medium trans- 
fer to RAU through DAU 0. 

Then, the flag of the control data 'RAU - DAU 0' is 
sei (siep SI 34), and the flag of the centre! data 'DAU 0 

- TAU 0' is reset (step S135). LUN and the source ele- 
ment address of the control data 'DAU - TAU 0' are cop- 
ied (step S108) and the process is terminated. 

In step S133, unless the destination element 
address is FF01, it is compared with the address FF02 
(step S136). If the destination element address is FF02, 
the error procedure is executed since it is same as the 
source element address (step S77), the error recovery 
procedure is executed (step S78) and the process is ter- 
minated. 

In step S136, unless the destination element 
address is FF02, it is compared with the address FF03 
(step S137). If the destination element address is FF03, 
this command represents the recording medium trans- 
fer to LAU through DAU 0. 

Then, the flag of the control data 'DAU 0 - LAU* is 
set (step S1 38), and the flag of the control data 'D AU 0 

- TAU 0' is reset (step S139). LUN and the source ele- 
ment address of the control data 'DAU 0 - TAU 0' are 
copied to the control data 'DAU 0 - LAU' (step S1 08) and 
the process is terminated. 

In step S137, unless the destination element 
address is FF03, it is compared with the address FF05 
(FIG.22, step S141). If the destination element address 
is FF05, this command represents the recording 
medium transfer to CAS 5 through DAU 0. 

The flag of the control data 'DAU 0 - TAU 0' is reset 
(step S142), the recording medium is transferred from 
the source element address in LUN of the control data 
to CAS 5 (step S1 43), and the process is terminated. At 
this point, it is determined which CAS 5 in RAU or in 
LAU is to be used in the same manner as in FIG.18. 
step S91. 

In step S141, unless the destination element 
address is FF05, it is determined if it is not lower than 
FF06 and not higher than FF0D (step S144). If the des- 
tination element address is within this range, the desti- 
nation corresponds to MTU 4 in TAU 0 through DAU 0. 

Then, the flag of the control data 'DAU - TAU 0' is 
reset (step S145). and with reference to the address 
table in FIG.11, the recording medium is transferred 
from the source element address in LUN of the control 
data to MTU 4 in TAU 0 (step S1 46) and the process is 
terminated. 

In step S144, if the destination element address is 
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lower than FF06 or higher than FFOD, no corresponding 
address exists in DAD 0. The error procedure is exe- 
cuted (step S77) t the error recovery procedure is exe- 
cuted (step S78) and the process is terminated. 

In step S74, if the source element address is FF03. s 
it is confirmed if the flag of the control data 'DAU 0 - LAU' 
is set (FIG.23, step S151). Unless the flag is set, the 
error procedure is executed due to an unidentified 
source frame (step S77), the error recovery procedure 
is executed (step S78) and the process is terminated. 10 

If the flag of the control data 'DAU 0 - LAU* is set, it 
is determined if the destination element address is not 
higher than FFOO (step S1 52) . If the destination element 
address is not higher than FFOO, the destination corre- 
sponds to DEE 2 or the.cell 7 in DAU 0. is 

Then, the flag of the control data 'DAU 0 - LAU* is 
reset (step S152*), the recording medium is transferred 
from the source element address in LUN of the control 
data to the destination element address in DAU 0 (step 
S1 03) and the process is terminated. 20 

In step S152, if the destination element address is 
higher than FFOO, it is compared with the address FF01 
(step S1 53). If the destination element address is FF01 , 
this command represents the recording medium trans- 
fer to RAU through DAU 0. 

Then, the flag of the control data 'RAU - DAU 0' is 
set (step S1 54), and the flag of the control data 'DAU 0 

- LAU' is reset (step S155). LUN and the source element 
address of the control data 'DAU 0 - LAU' are copied to 
the control data 'RAU - DAU 0' (step S108) and the proc- 
ess is terminated. 

In step $153, unless the destination element 
address is FF01, it is compared with the address FF02 
(step S156). If the destination element address is FF02, 
this command represents the recording medium trans- 
fer to TAU 0 through DAU 0. 

Then, the flag of the control data 'DAU 0 - TAU 0' is 
set (step S157), and the flag of the control data 'DAU 0 

- LAU' is reset (step S158). LUN and the source element 
address of the control data 'DAU 0 - LAU' are copied to 
the control data 'DAU 0 - TAU 0' (step S108) and the 
process is terminated. 

In step S156, unless the destination element 
address is FF02, it is compared with the address FF03 
(FtG.24, step S161). If the destination element address 
is FF03, the error procedure is executed since it is same 
as the source element address (step S77), the error 
recovery procedure is executed (step S78) and the 
process is terminated. 

In step S161, unless the destination element 
address is FF03, it is compared with the address FF05 
(step S162). If the destination element address is FF05, 
this command represents the recording medium trans- 
fer to CAS 5 through DAU 0. 

Then, the flag of the control data 'DAU 0 - LAU' is 
reset (step S163), the recording medium is transferred 
from the source element address in LUN of the control 
data to CAS 5 (step S164), and the process is termi- 



nated. At this point, it is determined which CAS 5 in 
RAU or in LAU is to be used, in the same procedure as 
in FIG.18.stepS91. 

In step S162, unless the destination element 
address is FF05, it is determined if it is not lower than 
FF06 and not higher than FFOD (step S165). If the des- 
tination element address is within this range, the desti- 
nation corresponds to MTU 4 in TAU 0 through DAU 0. 

Then, the flag of the control data 'DAU 0 - LAU' is 
reset (step S166), and with reference to the address 
table in FIG.11, the recording medium is transferred 
from the source element address in LUN of the control 
data to MTU 4 in TAU 0 (step SI 67) and the process is 
terminated. 

In step S165. if the destination element address is 
lower than FF06 or higher than FFOD, no corresponding 
address exists in DAU 0. The error procedure is exe- 
cuted (step S77), the error recovery procedure is exe- 
cuted (step S78) and the process is terminated. 

In step S75, if the source element address is FF05. 
it is confirmed which CAS 5 in RAU or in LAU has 
recording medium, since the source corresponds to the 
CAS 5 (FIG.25, step S171). Unless a recording medium 
exists in a CAS 5, the error procedure is executed (step 

577) , the error recovery procedure is executed (step 

578) and the process is terminated. 

If there is a recording medium in a CAS 5, it is 
determined if the destination element address is not 
higher than FF05 (step S1 72). If the destination element 
address is not higher than FFOO, the destination corre- 
sponds to DEE 2 or the cell 7 in DAU 0. Therefore, the 
recording medium is transferred from CAS 5 to the des- 
tination element address in DAU 0 (step S173) and the 
process is terminated. 

In step S1 72, if the destination element address is 
higher than FF00, it is compared with the address FF01 
(step S174). If the destination element address is FF01 , 
the error procedure is executed (step S77), the error 
recovery procedure is executed (step S78) and the 
process is terminated. 

Unless the destination element address is FF01, it 
is compared with the address FF02 (step S1 75). If the 
destination element address is FF02, the destination 
corresponds to TAU 0. The flag of the control data 'DAU 
0 - TAU 0' is set (step S176), LUN and the source ele- 
ment address of CAS 5 are stored in the control data 
(step S85) and the process is terminated. 

In step S175, unless the destination element 
address is FF02, it is compared with the address FF03 
(step S1 77). If the destination element address is FF03, 
the destination corresponds to LAU, the flag of the con- 
trol data 'DAU 0 - LAU' is set (step S178), LUN and the 
source element address of CAS 5 are stored in the con- 
trol data 'DAU 0 - LAU' (step S85) and the process is ter- 
minated. 

In step S177, unless the destination element 
address is FF03, it is compared with the address FF05 
(step S1 79). If the destination element address is FF05, 
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the error procedure is executed since it is same as the 
source element address (step S77), the error recovery 
procedure is executed (step S78) and the process is ter- 
minated. 

In step S179, unless the destination element s 
address is FF05, it is determined if it is not lower than 
FF06 and not higher than FFOD (step S180). If the des- 
tination element address is within this range, the desti- 
nation corresponds to MTU 4 in TAU 0. With reference 
to the address table in FIG.1 1 , the recording medium is 
transferred from CAS 5 to MTU 4 in TAU 0 (step S181) 
and the process is terminated. 

In step S180, if the destination element address is 
lower than FF06 or higher than FFOD, no corresponding 
address exists in DAU 0. The error procedure is exe- 
cuted (step S77), the error recovery procedure is exe- 
cuted (step S78) and the process is terminated. 

In step S76, if the source element address is not 
lower than FF06 and not higher than FFOD, the source 
corresponds to MTU 4 in TAU 0. With reference to the 
address table in FIG. 11, it is confirmed if the recording 
medium exists in the corresponding MTU 4 (FIG.26, 
step 191). Onless the recording medium exists in MTU 
4, the error procedure is executed (step S77), the error 
recovery procedure is executed (step S78) and the 
process is terminated. 

If the recording medium exists in MTU 4, it is deter- 
mined if the destination element address is not higher 
than FF00 (step S192). If the destination element 
address is not higher than FF00, the destination corre- 
sponds to DEE 2 or the cell 7 in DAU 0. Therefore, the 
recording medium is transferred from MTU 4 to the des- 
tination element address in DAU 0 (step S193) and the 
process is terminated. 

In step S192, unless the destination element 
address is higher than FF00, it is compared with the 
address FF01 (step S194). If the destination element 
address is FF01, the flag of the control data 'DAU 0 - 
RAU' is set because the destination corresponds to 
RAU (step S195) f LUN and the source element address 
of MTU 4 are stored in the control data 'DAU 0 - RAU' 
(step S85) and the process is terminated. 

In step S194, unless the destination element 
address is FF01 , it is compared with the address FF02 
(step S196). If the destination element address is FF02, 
the error procedure is executed since it corresponds to 
the same frame TAU 0 as the source element address 
(step $77), the error recovery procedure is executed 
(step S78) and the process is terminated. 

In step S196, unless the destination element 
address is FF02, it is compared with the address FF03 
(step S197). If the destination element address is FF03, 
the error procedure is executed (step S77), the error 
recovery procedure is executed (step S78) and the 
process is terminated. 

In step S197, unless the destination element 
address is FF03, it is compared with the address FF05 
(step S198). If the destination element address is FF05, 



the destination corresponds to CAS 5. The recording 
medium is transferred from MTU 4 to CAS 5 (step 
$199). and the process is terminated. At this point, the 
same procedure is executed as in FIG.18, step S91 to 
determine which CAS 5 in RAU or in LAU is to be used. 

in step S198, unless the destination element 
address is FF05, the error procedure is executed (step 

577) , the error recovery procedure is executed (step 

578) and the process is terminated. 

Further explanation is now given about the process 
of LUN 2. On starting the process, the library controller 
1 determines if the source element address of the com- 
mand is not higher than 1000 (FIG.27, step $201). r? the 
source element address is not higher than 1000, the 
command proceeds with the procedure in and after step 
S21 1 in FIG.28. If the source element address is higher 
than 1000. it is compared with the address 1001 (step 
S202). 

If the source element address of the command is 
1 001 . the command proceeds with the procedure in and 
after step S231 in FIG.29. Unless it is 1001, it is com- 
pared with the address 1002 (step S203). If the source 
element address is 1002, the command proceeds with 
the procedure in and after step S251 in FIG.31 . Unless 
it is 1002, it is compared with 1003 (step S204). 

If the source element address of the command is 
1 003, the command proceeds with the procedure in and 
after step S271 in FIG.32. Unless it is 1003, it is com- 
pared with the address 1005 (step S205). If the source 
element address is 1005, the command proceeds with 
the procedure in and after step S291 in FIG.33. Unless 
it is 1005, no corresponding address exists in TAU 0. 
Accordingly, the same error procedure is executed as in 
LUN 0 (step S206), the error recovery procedure is exe- 
cuted (step S207) and the process is terminated. 

In step S201, if the source element address is not 
higher than 1000, it is determined if the destination 
address is not higher than 1000 (FIG.28. step S21 1). If 
the destination element address is not higher than 
1000, the recording medium is transferred in TAU 0 due 
to the command being restricted to TAU 0 (step S212) 
and the process is terminated. 

In step S21 1, if the destination element address is 
higher than 1000, it is compared with 1001 (step S213). 
If the destination element address is 1001, this com- 
mand represents the recording medium transfer from 
TAU 0 to DAU 0. The flag of the control data 'DAU 0 - 
TAU 0' is set (step S214), LUN and the source element 
address of the command are stored in the control data 
'DAU 0 - TAU 0* (step S215) and the process is termi- 
nated. 

In step S213, unless the destination element 
address is 1001, it is compared with the address 1002 
(step S216). If the destination element address is 1002, 
this command represents the recording medium trans- 
fer from TAU 0 to LAU. The flag of the control data TAU 
0 - LAU' is set (step S217), LUN and the source element 
address of the command are stored in the control data 
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TAD 0 - LAU* (step S215) and the process is termi- 
nated. 

In step S216, unless the destination element 
address is 1002, it is compared with the address 1003 
(step S218). If the destination element address is 1003, 
this command represents the recording, medium trans- 
fer from TAU 0 to RAU. The flag of the control data 'RAU 
- TAU 0' is set (step S219), LUN and the source element 
address of the command are stored in the control data 
"RAU - TAU 0* (step S215) and the process is termi- 
nated. 

In step S218, unless the destination element 
address is 1003, it is compared with the address 100S 
(step S220). If the destination element address is 1005, 
the destination corresponds to CAS 5 in RAU or in LAU. 
Then, the recording medium is transferred to CAS 5 
(step S221), and the process is terminated. At this 
point, the same procedure is executed in FIG. 18. step 
S91 to determine which CAS 5 in RAU or in LAU is to be 
used. 

In step S220. unless the destination element 
address is 1005, no corresponding address exists in 
TAU 0. The error procedure is executed (step S206), the 
error recovery procedure is executed (step S207) and 
the process is terminated. 

In step S202, if the source element address is 
1001 , it is confirmed if the flag of the control data 'DAU 
0 - TAU 0' is set (FIG.29, step S231). Unless the flag is 
set, the error procedure is executed due to an unidenti- 
fied source frame (step S206), the error recovery proce- 
dure is executed (step S207) and the process is 
terminated. 

If the flag of the control data 'DAU 0 - TAU 0' is set, 
it is determined if the destination element address is not 
higher than 1000 (step S232). If the destination element 
address is not higher than 1000, the destination corre- 
sponds to the cell 7 or MTU 4 in TAU 0. 

Then, the flag of the control data 'DAU 0 - TAU 0' is 
reset (step S233). the recording medium is transferred 
from the source element address in LUN, stored in the 
control data, to the destination element address (step 
S234) and the process is terminated. 

In step S232, if the destination element address is 
higher than 1000, it is compared with the address 1001 
(step S235). If the destination element address is 1001 , 
the error procedure is executed since it is same as the 
source element address (step S206), the error recovery 
procedure is executed (step S207) and the process is 
terminated. 

Unless the destination element address is 1001, it 
is compared with the address 1002 (step S236). If the 
destination element address is 1002, this command 
represents the recording medium transfer to LAU 
through TAU 0. 

Then, the flag of the control data TAU 0 - LAU' is set 
(step $237), and the flag of the control data -DAU 0 - 
TAU 0' is reset (step S238). LUN and the source ele- 
ment address of the control data 'DAU 0 - TAU 0' are 



copied to the control data TAU 0 - LAU* (step S239) and 
the process is terminated. 

In step S236, unless the destination element 
address is 1002, it is compared with the address 1003 

s (FIG.30, step S241 ). If the destination element address 
is 1003, this command represents the recording 
medium transfer to RAU through TAU 0. 

Then, the flag of the control data 'RAU : TAU 0' is 
set (step S242) and the flag of the control data 'DAU 0 - 

w TAU 0' is reset (step S243). LUN and the source ele- 
ment address of the control data 'DAU 0 - TAU 0' are 
copied to the control data 'RAU - TAU 0' (step S239) and 
the process is terminated. 

In step S241, unless the destination element 

is address is 1003. it is compared with the address 1005 
(step S244). If the destination element address is 1005. 
this command represents the recording medium trans- 
fer to CAS 5 through TAU 0. 

Then, the flag of the control data *DAU 0 - TAU 0' is 

20 . reset (step S245), the recording medium is transferred 
from the destination element address in LUN of the con- 
trol data to CAS 5 (step S246) and the process is termi- 
nated. At this point, the same procedure as in FIG. 18, 
step S91 is executed to determine which CAS 5 in RAU 

25 or in LAU is to be used. 

In step S244, unless the destination element 
address is 1005, no corresponding address exists in 
TAU 0. The error procedure is executed (step S206), the 
error recovery procedure is executed (step S207) and 

30 the process is terminated. 

In step S203, if the source element address is 
1002, it is confirmed if the flag of the control data TAU 0 
- LAU' is set (FIG.31 , step S251). Unless the flag is set, 
the error procedure is executed due to an unidentified 

35 source frame (step S206), the error recovery procedure 
is executed (step S207) and the process is terminated. 

If the flag of the control data TAU 0 - LAU* is set. it 
is determined if the destination element address is not 
higher than 1000 (step S252). If the destination element 

40 address is not higher than 100, the destination corre- 
sponds to the cell 7 or MTU 4 in TAU 0. 

Then, the flag of the control data TAU 0 - LAU' is 
reset (step S253), the recording medium is transferred 
from the source element address in LAU stored in the 

45 control data to the destination element address in TAU 0 
(step S254) and the process is terminated. 

In step S252, rf the destination element address is 
higher than 1000. it is compared with the address 1001 
(step S255). If the destination element address is 1 001 , 

so this command represents the recording medium trans- 
fer to DAU 0 through TAU 0. 

Then, the flag of the control data 'DAU 0 - TAU 0 ? is 
set (step S256), and the flag of the control data TAU 0 - 
LAU' is reset (step S257). LUN and the source element 

55 address of the control data TAU 0 - LAU' are copied to 
the control data 'DAU 0 - TAU 0' (step S239) and the 
process is terminated. 

In step S255, unless the designation element 
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address is 1001, rt is compared with the address 1002 
(step S258). If the destination element address is 1002, 
the error procedure is executed since it is same as the 
source element address (step S206), the error recovery 
procedure is executed (step S207) and the process is 
terminated. 

In step S258, unless the destination element 
address is 1002, it is compared with the address 1003 
(step S259). If the destination element address is 1003, 
this command represents the recording medium trans- 
fer to RAU through TAU 0. 

Then, the flag of the control data 'RAU - TAU 0' is 
set (step S260), and the f iag of ihe coniroi daia TAU 0 • 
LAU' is reset (step S261). LUN and the source element 
address of the control data TAU 0 - LAU' are copied to 
the control data 'RAU - TAU 0* (step S239) and the proc- 
ess is terminated. 

In step S259, unless the destination element 
address is 1003, it is compared with the address 1005 
(step S262). If the destination element address is 1005, 
this command represents the recording medium trans- 
fer to CAS 5 through TAU 0. 

Then, the flag of the control data TAU 0 - LAU' is 
reset (step S263), the recording medium is transferred 
from the source element address in LUN of the control 
data to CAS 5 (step S264) and the process is termi- 
nated. The same procedure as in FIG.18 step S91 is 
executed to determine which CAS 5 in RAU or in LAU is 
to be used. 

In step S262, unless the destination element 
address is 1005, no corresponding address exists in 
TAU 0. The error procedure is executed (step S206), the 
error recovery procedure is executed (step S207) and 
the process is terminated. 

In step S204, rf the source element address is 
1003, it is confirmed if the flag of the control data 'RAU 
- TAU 0' is set (FIG.32, step S271). Unless the flag is 
set the error procedure is executed due to an unidenti- 
fied source address (step S206), the error recovery pro- 
cedure is executed (step $207) and the process is 
terminated. 

If the flag of the control data 'RAU - TAU 0' is set it 
is determined if the destination element address is not 
higher than 1 000 (step S272). If the destination element 
address is not higher than 1000, the destination corre- 
sponds to the cell 7 or MTU 4 in TAU 0. 

Then, the flag of the control data 'RAU - TAU 0' is 
reset (step S273), the recording medium is transferred 
from the source element address in LUN, stored in the 
control data, to the destination element address in TAU 
0 (step S274) and the process is terminated. 

In step S272, if the destination element address is 
higher than 1000, it is compared with the address 1001 
(step S275). If the destination element address is 1001 , 
this command represents the recording medium trans- 
fer to DAU 0 through TAU 0. 

Then, the flag of the control data 'DAU 0 - TAU 0' is 
set (step S276), and the flag of the control data 'RAU - 



TAU 0' is reset (step S277). LUN and the source ele- 
ment address of the control data 'RAU - TAU 0' are cop- 
ied to the control data 'DAU 0 - TAU 0' (step S239) and 
the process is terminated. 
5 In step S275, unless the destination element 
address is 1001. it is compared with the address 1002 
(step S278). If the destination element address is 1002, 
this command represents the recording medium trans- 
fer to LAU through TAU 0. 
10 Then, the flag of the control data TAU 0 - LAU' is set 
(step S279), and the flag of the control data 'RAU- TAU 
0' is reset (step S280). LUN and the source element 
address of the centre! data 'RAU - TAU 0' are copied to 
the control data TAU 0 - LAU' (step S239) and the proe- 
ms ess is terminated. 

In step S278, unless the destination element 
address is 1002, it is compared with the address 1003 
(step S281). If the destination element address is 1003, 
the error procedure is executed since it is same as the 
20 source element address (step S206), the error recovery 
procedure is executed (step S207) and the process is 
terminated. 

In step S281, unless the destination element 
address is 1003, it is compared with the address 1005 

25 (step S282). If the destination element address is 1003, 
this command represents the recording medium trans- 
fer to CAS 5 through TAU 0. 

Then, the flag of the control data 'RAU - TAU 0' is 
reset (step S283), the recording medium is transferred 

30 from the source element address in LUN of the control 
data to CAS 5 (step S284) and the process is termi- 
nated. At this time, the same procedure as in FIG.18 
step S91 is executed to determine which CAS 5 in RAU 
or in LAU is to be used. 

35 In step S282, unless the destination element 
address is 1005, no corresponding address exists in 
TAU 0. The error procedure is executed (step S206), the 
error recovery procedure is executed (step S207) and 
the process is terminated. 

40 In step S205, if the source element address is 
1 005, it is determined if the destination element address 
is not higher than 1000 (FIG.33, step S291). If the des- 
tination element address is lower than 1000, the desti- 
nation corresponds to the cell 7 or MTU 4 in TAU 0. The 

45 recording medium is transferred from CAS 5 to the des- 
tination element address in DAU 0 (step S292) and the 
process is terminated. 

In step S291 , if the destination element address is 
higher than 1000, it is compared with the address 1001 

so (step S293). If the destination element address is 1 001 , 
the destination corresponds to DAU 0. The flag of the 
control data 'DAU 0 - TAU 0' is set (step S294), LUN and 
the source element address of CAS 5 are stored in the 
control data (step S215) and the process is terminated. 

55 In step S293, unless the destination element 
address is 1001, it is compared with the address 1002 
(step S295). If the destination element address is 1002, 
the destination corresponds to LAU. The flag of the con- 
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trol data TAU 0 - LAU' is set (step S296). LUN and the 
source element address of CAS 5 are stored in the con- 
trol data (step S215) and the process is terminated. 

in step S295, unless the destination element 
address is 1002, it is compared with the address 1003 s 
(step S297). If the destination element address is 1003, 
the destination corresponds to RAU. The flag of the con- 
trol data 'RAU - TAU 0' is set (step S298), LUN and the 
source element address of CAS 5 are stored in the con- 
trol data (step S215) and the process is terminated. 

In step S297, unless the destination element 
address is 1003. the error procedure is executed (step 

5206) , the error recovery procedure is executed (step 

5207) and the process is terminated. 
An explanation is now given of the process in LUN 

3. The process in LUN 3 is basically similar to the proc- 
ess in LUN 0. On starting the process, the library con- 
troller 1 initially determines if the source element 
address of the command is lower than 0100 (FIG.34, 
step S301). If the source element address is lower than 
0100, it is determined if the destination element address 
is lower than 0100 (step S302). If the destination ele- 
ment address is lower than 01 00, the recording medium 
is transferred in LAU due to the command being 
restricted to LAU (step S303) and the process is termi- 
nated. 

In step S302, if the destination element address is 
not lower than 0100, it is determined if it is 0100 (step 
S304). If the destination element address is 0100, this 
command represents the recording medium transfer 
from LAU to TAU 0. LUN and the source element 
address of the command are stored in the control data 
TAU 0 - LAU' (step S305), the flag is set (step S306) 
and the process is terminated. 

In step S304, unless the destination element 
address is 0100, it is compared with the address 0101 
(step S307). tf the destination element address is 0101 , 
this command represents the recording medium trans- 
fer from LAU to DAU 0. Then, LAU and the source ele- 
ment address of the command are stored in the control 
data 'DAU 0 - TAU' (step S308), the flag of the control 
data is set (step S309) and the process is terminated. 

in step S307, unless the destination element 
address is 0101, it is compared with the address 0102 
(step S310). If the destination element address is 0102, 
this command represents the recording medium trans- 
fer from LAU to RAU. LUN and the source element 
address of the command are stored in the control data 
'RAU - LAU' (step S31 1), the flag of the control data is 
set (step S312) and the process is terminated. 

In step S310, unless the destination element 
address is 0102, it is determined if it is not lower than 
0103 and not higher than 010A (step S313). With case 
the destination element address is within this range, the 
destination corresponds to MTU 4 in TAU 0. With refer- 
ence to the address table in FIG.11, the recording 
medium is transferred from LAU to MTU 4 in TAU 0 (step 
S3 14) and the process is terminated. 



In step S3 13. if the destination element address is 
lower than 0103 a higher than 01 OA, no corresponding 
address exists in LAU 0. The same error procedure as 
in LUN 0 is executed (FIG.36, step S337), the error 
recovery procedure is executed (step S338) and the 
process is terminated. 

In step S301 , if the source element address is not 
lower than 0100, it is determined if it is 0100 (FIG.35. 
step S321). If the source element address is 0100, the 
destination element address is compared with the 
address 0100 (step S322). If the destination element 
address is lower than 0100, it is confirmed if the flag of 
the control data TAU 0 - LAU' is set (step S323). 

If the flag is set, this command represents the 
recording medium transfer from TAU 0 to LAU. The flag 
of the control data TAU 0 - LAU* is reset (step S324) , the 
recording medium is transferred from the source ele- 
ment address in LUN, stored in the control data, to the 
destination element address in LAU (step S325) and the 
process is terminated. 

in step S322, in case the destination element 
address is not lower than 0100 and the flag is not set in 
step S323, the command proceeds with the procedure 
in and after step S337 in FIG.36. 

In step S321 , unless the source element address is 

0100, it is compared with the address 0101 (step S326). 
If the source element address is 0101, the destination 
element address is compared with the address 0100 
(step S327). If the destination element address is lower 
than 0100, it is confirmed if the flag of the control data 
'DAU 0 - LAU' is set (step S328). 

If the flag is set, this command represents the 
recording medium transfer from DAU 0 to LAU. The flag 
of the control data is reset (step S329), the recording 
medium is transferred from the source element address 
in LUN, stored in the control data, to the destination ele- 
ment address in LAU (step S325) and the process is ter- 
minated. 

In step S327, in case the destination element 
address is not lower than 0100 and the flag is not set in 
step S328, the command proceeds with the procedure 
in and after step S337 in FIG.36. 

In step S326, unless the source element address is 

0101, it is compared with the address 0102 (FIG.36. 
step S331). If the source element address is 0102, the 
destination element address is compared with the 
address 0100 (step S332). If the destination element 
address is lower than 0100, it is confirmed if the flag of 
the control data *RAU - LAU* is set (step S333). 

If the flag is set, this command represents the 
recording medium transfer from RAU to LAU. The flag of 
the control data 'RAU - LAU* is reset (step S339), the 
recording medium is transferred from the source ele- 
ment address in LUN, stored in the control data, to the 
destination element address in LAU (step S325) and the 
process is terminated. 

In step S332, in case the destination element 
address is not lower than 0100 and the flag is not set in 
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step S333, the command proceeds with the procedure 
in and after step S337. 

In step S331 , unless the source element address is 
0102, it is determined if it is not lower than 0103 and not 
higher than 01 OA (step S334). If the source element 5 
address is within this range, the source corresponds to 
MTU 4 in TAU 0. 

Then, the destination element address is compared 
with the address 0100 (step S335). If the destination 
element address is lower than 0100, with reference to 
the address table in FIG.11, the recording medium is 
transferred from MTU 4 in TAU 0 to LAU (step S336) 
and the process is terminated. If the destination ele- 
ment address is not lower than 0100 in step S335, the 
command proceeds with the procedure in and after step 
S337. 

An explanation is now given for the first to the fourth 
operating examples described above, in accordance 
with the flowcharts from FIG. 13 to FIG.36. In the first 
operating example, the library controller 1 receives the 
MOVE command for LUN 1 (FIG.13, step S11), and 
starts processing for LUN 1 (step S18). 

Since the source element address of the command 
is 1000, the determination result in FIG. 17, step S71 is 
YES. And, since the destination element address of the 
command is FF02, the destination result in FIG. 18, step 
S86 is YES. The library controller 1 sets the flag of the 
control data 'DAU 0 - TAU 0' (step S87), and writes LUN 
= 1 and the source element address 1000 to the control 
data. 

Next, the library controller 1 receives the MOVE 
command for LUN 2 (step S11), and starts processing 
for LUN 2 (step S21). Since the source element address 
of the command is 1001. the determination result in 
FIG.27, step S202 is YES. Since the destination ele- 
ment address is 0001, the determination result in 
FIG.29, step S232 is YES. 

Then, the library controller 1 resets the flag of the 
control data 'DAU 0 - TAU 0' (step S233). With reference 
to LUN and the source element address written in the 
control data, the library controller 1 directs the ACC 6 to 
mount the recording medium from the address 1000 in 
DAU 0 to MTU 4 at the address 0001 in TAU 0 (step 
S234). 

In the second operating example, the library con- 
troller 1 receives the MOVE command for LUN 0 (step 
S1 1), and starts processing for LUN 0 (step S15).Since 
the source element address of the command is 0002, 
the determination result in FIG.14, step S31 is YES. 
Since the destination element address is 0104, the 
determination result in step S43 is YES. 

Then, the library controller 1 refers to the address 
table in FIG.11, and directs the ACC 6 to mount the 
recording medium from the address 0002 in RAU to 
MTU 4 at the address 0001 in TAU 0 (step S44). 

In the third operating example, the library controller 
1 receives the MOVE command for LUN 1 (step S1 1), 
and starts processing for LUN 1 (step S18). Since the 



source element address of the command is 0000, the 
determination result in FIG.17, step S71 is YES. Since 
the destination element address is FF05, the determi- 
nation result in FIG.18, step S90 is YES. 

Then, the library controller 1 directs the ACC 6 to 
transfer the recording medium from the address 0000 in 
DAU 0 to CAS 5 in RAU (step S91). 

In the fourth operating example, the library control- 
ler 1 receives the MOVE command for LUN 1 after the 
operator sets DAU 0 to the NOT READY state (step 
S11), and determines that the determination result in 
step S1 7 is NO. The library controller 1 returns the NOT 
READY response to the host computer 21 (step SI 4). 

However, when the library controller 1 receives the 
MOVE command for a logical unit in the READY state 
other than LUN 1 , the library controller 1 starts process- 
ing for the logical unit (steps S1 5, S21 , S24). 

In the operating examples described above, at least 
either the source element address or the destination 
element address of the MOVE command corresponds 
to the existing real element On the other hand, it is pos- 
sible, for example, in the case of the recording medium 
transfer from RAU to TAU 0 with the frame DAU 0 as the 
virtual intermediate frame, that both the source and the 
destination element addresses correspond to the virtual 
elements. 

When the process stops due to an error while the 
ACC 6 stores a recording medium, the address 0001 of 
CAS 5 and the addresses FF05 and 1005 of the 
import/export element 42 can be designated to the 
source element address during the error recovery pro- 
cedure. Further, these addresses can be used for the 
destination element address. 

In the preferred embodiments explained above, the 
library device 22 is logically divided in units of frame. 
Regardless of the above examples, any division unit 
can be defined as a logical unit It is not necessary to 
use all of the virtual elements shown in FIG.6. Any 
number of virtual elements can be eliminated or added. 

In addition, the control object of the present inven- 
tion is not necessarily limited to the library device. Simi- 
lar types of control methods can be applied to other 
logically dividable devices or systems. 

The present invention can control the library device 
by means of the general-use interface, such as SCSI. In 
particular, the effects described below are obtained 
when the library device is controlled through SCSI. 

By logically dividing the large-scale library device 
having a greater number of addresses than are availa- 
ble using 2 bytes, the present invention can provide the 
control method under the command of the medium 
changer device in SCSI, as defined by ANSI. 

Further, in the SCSI interface, a partial NOT 
READY state in the library device cannot be defined 
when the library device is wholly controlled as one logi- 
cal unit. If the library device is virtually divided, the NOT 
READY state can be defined in units of logical units. 

When the number of frames in the library device are 
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increased, no modification of the recording medium 
information including addresses of existing elements is 
required, by defining each added frame as a new logical 
unit. 

Moreover, as the element address is controlled in 
" each LUN (frame), the address can be uniquely defined 
irrespective of the condition of the frame assignment in 
each model. Accordingly, the element addresses can be 
assigned in the unit during manufacture. 

Claims 

1 . A library control device (1 ), comprising 

a memory means (11, 33) for storing logical 
structure information representing a structure 
of a library device (22) divided into a plurality of 
logical units (LUN 0, LUN 1, LUN 2, LUN 3) 
each suitable for independent control; and 
a controlling means (12, 32) for controlling 
operation of said library device using said logi- 
cal structure information. 

2. A library control device as set forth in claim 1, 
wherein said memory means stores said logical 
structure information defining at least one of said 
plurality of logical units as a device having a virtual 
functional element. 

3. A library control device as set forth in claim 1, 
wherein said memory means stores said logical 
structure information defining each frame constitut- 
ing said library device as said logical unit, and man- 
ages addresses of elements contained in said 
library device independently in each frame. 

4. A library control device as set forth in claim 1 ,2, or 
3, wherein said controlling means sets one of 
READY and NOT READY states in each of said log- 
ical units. 

5. A library control device as set forth in any preceding 
claim, wherein said memory means stores said log- 
ical structure information defining said plurality of 
logical units as logical units in a small computer 
system interface, and said controlling means inter- 
prets a command of the small computer system 
interface issued to at least one of said plurality of 
logical units using said logical structure information. 

6. A library control device as set forth in any of claims 
1 to 4, wherein said memory means stores said log- 
ical structure information defining said plurality of 
logical units as medium changer devices in a small 
computer system interface, and said logical struc- 
ture information contains information defining at 
least one of said plurality of logical units as a device 
having a virtual functional element. 



7. A library control device as set forth in claim 6,. 
wherein said memory means stores a functional 
element (44) for transferring a recording medium 
between two adjacent logical units as said virtual 

5 functional element, and said controlling means con- 
trols said plurality of logical units as a library device 
set via said functional element. 

8. A library control device as set forth in claim 6. or 7, 
to wherein said memory means stores a functional 

element (44) for transferring a recording medium 
between two remote logical units as said virtual 
functional element, and said control ling mcanc con- 
trols said plurality of logical units as a library device 
is set via said functional element. 

9. A library control device as set forth in claim 6, 7, or 
8, wherein said memory means stores a functional 
element (41) for transporting a recording medium 

20 as said virtual functional element, and said control- 
ling means controls said library device using said 
functional element. 

10. A library control means as set forth in claim 6, 7, 8, 
25 or 9, wherein said memory means stores a func- 
tional element (42) for executing at least one of 
importing and exporting a recording medium as 
said virtual functional element, and said controlling 
means controls said library device using said func- 

30 tional element 

1 1 . A library control means as set forth in any of claims 
6 to 10, wherein said memory means stores a func- 
tional element (43) for driving a recording medium 

35 as said virtual functional element, and said corrtrol- 
. . ling means controls said library device using said 
functional element. 

12. A library control device as set forth in any of claims 
40 6 to 1 1 , wherein said controlling means receives a 

plurality of commands from a host system (21) con- 
nected to said library device, and processes said 
plurality of commands as being liked. 

45 13. A library device, comprising: 

a storing means (7) for storing at least one 
recording medium; and 

a controlling means (1) for controlling a library 
so device (22) by dividing said library device into a 

plurality of logical units (LUNO. LUN1, LUN2, 
LUN3) each suitable for independent control. 

14. A control device (1), comprising: 

55 

a memory means (11, 13) for storing logical 
structure information representing structure of 
a control object (22) divided into a plurality of 



20 



39 



EP0 859 308 A1 



40 



logical units (LUN 0. LUN 1, LUN 2, LUN 3) 
each suitable for Independent control; and 
a controlling means (12, 32) for controlling said 
control object using said logical structure infor- 
mation. 5 

15. A host system (21), comprising: 

a memory means (21) for storing logical struc- 
ture information representing a structure of a 10 
library device (22) divided into a plurality of log- 
ical units (LUN 0, LUN 1, LUN 2, LUN 3) each 
suitable tor independent coniroi; and 
a command issue means (21) for issuing a 
command for each of said plurality of logical 
units. 

1 6. A host system as set forth in claim 15, further com- 
prising an execution means (21) for executing an 
application program, wherein said command issue 
means issues a plurality of commands (inked with 
each other on the basis of an instruction from said 
application program. 

17. A library control method, comprising the step of 
controlling the operation of a library device (22) by 
dividing said library device into a plurality of logical 
units (LUN 0, LUN 1, LUN 2, LUN 3) each suitable 
for independent control. 

18. A library control method as set forth in claim 17, 
wherein said plurality of logical units are defined as 
medium changer devices of a small computer sys- 
tem interface, and at least one of said plurality of 
logical units is defined as a device having a virtual 
functional element. 

19. A library control method as set forth in claim 18, 
wherein said virtual functional element (44) is 
defined as a functional element for transferring a 
recording medium between two adjacent logical 
units, and said plurality of logical units are control- 
led as a library device set via said functional ele- 
ment. 

20. A library control method as set forth in claim 18, or 
19, wherein said virtual functional element (44) is 
defined as a functional element for transferring a 
recording medium between two remote logical 
units, and said plurality of logical units are control- 
led as a library device set via said functional ele- 
ment 

21. A library control method as set forth in claim 18,19 
or 20, wherein said library device is controlled by ss 
providing a functional element (41) for transporting 

a recording medium as said virtual functional ele- 
ment, and by making said functional element exe- 



cute a virtual transfer of said recording medium. 

22. A library control method as set forth in claim 
18.19,20, or 21, wherein said virtual functional ele- 
ment (42) is provided in each of said plurality of log- 
ical units to execute at least one of the importing 
and exporting a recording medium. 

23. A library control method as set forth in any of claims 
18 to 22, wherein said library device is controlled by 
providing a functional element (43) for driving a 
recording medium as said virtual functional ele- 
ment, and by making said functional element exe- 
cute a virtual drive of the recording medium. 

24. A control method, comprising the step of controlling 
a control object (22) by dividing said control object 
into a plurality of logical units (LUN 0. LUN 1, LUN 
2, LUN 3) each suitable for independent control. 

25. A computer-readable recording medium (33) stor- 
ing a program for directing a computer (1) to control 
operation of a library device (22) by dividing said 
library device into a plurality of logical units (LUN0, 
LUN1, LUN2, LUN3) each suitable for independent 
control. 

26. A computer-readable recording medium (33) stor- 
ing a program for directing a computer (1) to control 
a control object (22) by dividing said control object 
into a plurality of logical units (LUN0, LUN1 , LUN2, 
LUN3) each suitable for independent control. 
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